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Description 

This Invention relates to 9 graphics Input tablet. 
The Invention is particularly useful In the data pro* 
cessing field where it may be employed to Input 
data of a graphical nature Into a data processing 
machine. 

Background Art 

fn the data processing field one of the major 
problems to users of a system is the rapid Input- 
ting of data. This has traditionally been achieved 
with a keyboard tout when it is necessary to input 
graphicaJ data, rather than character strings, a key- 
board is grossly inefficient. There are various ex* 
ampfes in the prior art of attempts to provide a 
more efficient and easier to use input means for 
graphical data. 

One such example is disclosed In EP-A-5.990 
(Quest Automation Ltd,) which shows an electrog- 
rephte apparatus with two resistive layers, one 
overlying the other, held apart by a framework but 
arranged to be brought Into contact by the pres- 
sure of a stylus or similar. Excitation voltages are 
applied to the resistive lever at 90 degrees to each 
other and two analogue voltages related to the 
position of the stylus are obtained in an unspecified 
manner, 

Another example is disclosed in QB 2.088.063 
{Robert Brenton). This shows a conductive layer 
overlying a rectangular resistive layer with an In- 
sulating mesh between the two. The resistive layer 
has a contact at each comer and one opposed pair 
of contacts is energised at any one time. A stylus 
(ball-point pen or similar) Is pressed onto the up- 
per, conductive layer which then makes contact, 
through s gap In the Insulating mesh, with the 
resistive layer. In consequence, the potential of the 
conductive layer equals that of the resistive layer at 
the point of contact; since this varies with the 
relative distances of the point from each of the 
polarised contact*, the potential of the conductive 
layer provides information to Identify the position of 
the stylus. Once the position with respect to these 
pofariaecP contacts is established they are de*ener- 
glssd and the other pair is polarised to give in- 
formation regarding the position of the stylus along 
a different axis. Thus the position of the stylus In 2 
dimensions may be Identified. 

EP-A-194,881 (ElogrspWcB tnc) discloses an 
spectrographs touch sensor having r-axia capabil- 
ity. The x, y and z coordinates are calculated from 
voltage signals in a resistive layer of material. The 
voltage signals for each coordinate are generated 
during a separate time interval. 

JP Abstract 58 191 089 describes a position 
detecting method In which an electrically Insulated 



writing tool is used to sandwich a pressure conduc- 
tive rubber sheet between a conductive film and a 
planar resistor. A voltage is applied to the conduc- 
tive film. 

s The article titled 'A Pressure-sensitive Device 

for Input of Graphics' 8169 Systems-Computers- 
Control. Vol. 13 (1082) May - June, No 3, Silver 
Spring. Maryland. USA describes a pressure-sen- 
sitive device for Input of graphics in which a resis- 

w tive sheet is used to detect the x-coordlnate and a 
separate resistive sheet is used to detect the y- 
coordinate. 

Summary of the Invention 

The ability to Input 3 dimensional data using 
the tablet alone Is very useful, for example a) to 
define the colour and/or Intensity of a location on 
graphic terminal or b) for signature verification 
20 where the profile of the pressure applied across the 
signature would be a useful additional check, above 
and beyond a 2 dimensional check of the appear- 
ance of the, signature. Pressure information could 
be useful, for example In the case of a one dlmen- 
95 signal position-detecting tablet In the form of a 
strip. This woukf provide Z dimensional Input capa- 
bility without occupying the large area taken up by 
a prior art 2-d input tablet. 

Accordingly, the present Invention provides a 
30 graphics input tablet comprising a fayer of elec- 
trically resistive material supported coextenslvefy 
with a layer of electrically conductive material to 
provide a flat tablet surface, first and second con- 
ductors connected respectively to first and second 
35 portions of the resistive layer, said portions being 
spaced apart on a notional x-axis across the tablet 
surface, third and fourth conductors connected re- 
spectively to third and fourth portions of the resis- 
tive layer, said portions being spaced apart on a 
40 notional y-axls, intersecting the notional x-axis; the 
arrangement being such that when an electrical 
potential is applied between the resistive layer and 
the conductive layer and localised pressure is ap- 
plied to the tablet surface, currents flow from the 
<5 conductors through the resistive layer to the con- 
ductive layer, the relative magnitudes of these cur* 
rents being related to the respective distances of 
the region of applied pressure from the first and 
eecond portions and the third and fourth portions 
w respectively, the resistive material has the property 
that the electrical resistance between the layers in 
the region of the localised pressure applied thereto 
changes monotonicaily with the applied pressure 
and when the localised pressure is applied, the 
56 total current flowing between the resistive sheet 
and the conductive sheet is related to the mag^ 
nltude of the applied pressure and provides a mea- 
surement from which a z-axls value may be cal- 
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dilate* characterised in that electrical sensing 
meant are arranged to measure individually at the 
same time, the currant flowing in each of the con- 
ductors and to calculate subsequently a value re- 
presenting an x. y and ^-coordinate of the region of s 
localised pressure. 

This provides the facility to detect the position 
Of a stylus in 3 dimensions, le two linear dimen- 
sions and one pressure dimension. 

The resistive layer may be In the form of a w 
single sheet of material. Alternatively, the resistive 
layer may comprise two sheets, each of a resistive 
material, the conductors being connected to a first 
or said sheets and the second of said sheets 
having the property as aforesaid that the electrical is 
resistance between the layers In the region of 
tocaKeed pressure applied thereto changes morv 
otonicatty with the magnitude of the pressure ap- 
plied to the layers. 

20 

Description of the Drawings 

Fig, la shows 8ChematfcaJty a cross-section 
through a graphics Input tablet according to the 
present Invention. ^ 

Flg> 1b shows schematically a cross-section 
through an alternative embodiment of a graphics 
input tablet according to the present invention. 

Fig. ? shows schematically a plan view of the 
tablet of Fig. ta. ao 

Fig. 3a shows schematically a circuit for pro- 
cessing signals representing positional and pres- 
sure Information produced by the present Invention. 

Pig. 3b shows schematically a circuit for input- 
ting the outputs of the circuit of Fig. 3a Into a 35 
computer. 

Fig. 4 shows schematically an alternative cir- 
cuit for processing signals representing positional 
end pressure Information produced by the present 
Invention and Inputting this Into a computer* 40 

Rg. 5 is a schematic graph showing variations 
in positional measurements versus actual position 
when employing the present Invention. 

Fig. 9 is a schematic graph showing variations 
in measured total current versus actual force ap- 49 
p«ed to a small area using the present Invention. 

Detailed Description of the Invention 



Fig. t» shows a graphics Input tablet according 
to the present invention. Layer 10 Is a compress- 
ible resistfve sheet known as Vermahlde (Trade 
Mark). This material has the property that Its 
localised electrical resistance reduces with in- 
creased pressure exerted on it as the electrically 
conducting fibres which make It up are forced into 
more Intimate contact. Beneath layar 10 Is fayer 11 
which Is an electrically conducting coat applied to 



Insulating substrate 13. Beneath insulating sub- 
strate 13 is conductive coat 50 which may be 
electrically grounded to give electrostatic screen- 
ing. layers 11. 13, 50 may conveniently be pro- 
vided by double-sided unetched pr\n\M circuit 
board. Overlying layers 10. 11, 13. 50 is protective 
sheet 12 which Is electrically Insulating, physically 
hard-wearing and yet locally elasticaily deformatte. 
Electrical connection is made to conductive layer 
11 by conductor 30 and to opposed edges of 
resistive layer 10 by conductors 14. 15, 21, 22 (see 
Fig. 2). 

Rg. 1b shows an alternative tablet comprising 
two resistive sheets, one compressible 10a and 
one rigid 10b. Conductive layer tl 0 verges the 
resistive sheets and Is locally elasticaily deforma- 

Fig. 2 shows a plan view of the tablet In Rg. 
1a. Contact pads 10. 17. 23, 24 are shown, at- 
tached to conductors 14. 1S, 21. 22 respectively. 
Each contact pad makes electrical contact with a 
portion of the resistive layer: 16. 17. 23, 24 contact* 
Ing 18, 19. 2$, 26 respectively. This leaves the 
remainder 20 of layer 10 as the input region where 
9 user applies localised pressure with a stylus, 
causing currents to Row in conductors 14, 15. 21 
22. 

Fig. 3a shows one technique for producing 
signals x, y t z representing the position ot pressure 
applied on region 20 (x. y) and the magnitude of 
pressure applied (2). Four current sense amplifiers 
(44) are provided for measuring the current flowing 
in the conductors 14. T5, 21, 22. The outputs of the 
currents sense amplifiers ere fed into two analogue 
summing circuits 35, 37 one 35 lor conductors 14, 
15 covering the x dimension and the other 37 for 
conductors 21, 22 covering the y dimension. The 
outputs of these summers are fed Into dividers 36 
and 38 respectively, along with one of the current 
sense outputs In each case. The signal for x (and 
similarly for y) which this produces is not the 
simple ratio of currents in opposed conductors 14, 
15 (or 21. 22); rather, tf current in 14 * II and 
current in 15 = 12 then the value ot x is: 




50 



This function is selected since it provides a 
result which varies approximately rectiiinearly be- 
tween 0 and 1, 
5« The signal for 2, representing the pressure 
applied by the stylus Is simply a sum of the 
Individual currents In conductors 14, 15, 21, 22. 
This is obtained by summing in 39 the sums of x 
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and y currents produced by 35 and 37 respec- 
tively. 

Fig. 3b shows a circuit for Inputting x. y and z 
to a computer, the multiplexer 40 selects each of 
x. y. z In turn to forward to the analogue to digital 5 
converter 41. The results are fed to buffer 42 and 
thence to data bus 43 which Is connected to the 
computer. 

Rg. 4 shows an alternative arrangement to that 
of Figs. 3a, 3b. In this case there Is an additional 10 
Current sense amplifier 45 for directly measuring 
the current in conductor 30* This avoids the ex- 
pense and Inaccuracy of analogue summing circuit 
38 (used In conjunction with 36 and 37). Further, 
the generation of the x and y functions is per- ts 
formed in the computer so the tablet does not need 
the local Intetllgenee provided by circuits 35, 36, 
37 f 38- TWs approach has the disadvantage that 
more processing Is necessary in the computer so 
the maximum sampling rate will be lower but It 20 
does not require circuits 35. 36. 37. 38. 39 so the 
hardware may well be cheaper to produce. 

In use. the conductive layer 1 1 of the tablet is 
held at a voltage equal to -10 Volts, The conduce 
tore 14, 15. 21. 22 along the edges of resistive 95 
layer 10 are hs4d at 0 Volte. When no pressure is 
applied to the upper surface of the tablet the phys- 
ical contact between layers 10 and 1 1 is very slight 
and no significant current flows between them. 
However, when localised pressure Is appHed to the so 
upper surface the layers 10 and 11 are pushed Into 
physical and electrical contact so that a current 
flows from conductive layer 11 to the conductors 
14, 15, 21, 22 connected to resistive layer 10. The 
current through each of these conductors is in 05 
Inverse relation to the distance from the respective 
contact pad to the point where pressure is applied. 

Another possibility la to have the arrangement 
as shown In Bg. 4 but without sense amplifier 45 
(snd its associated resistor), in this case the com- 40 
puter must sum all four conductor currents digitally, 
TWs is a processing overhead which reduces the 
maximum sampling rate but the hardware will be 
stilt cheaper to produce. 

Fig. 5 shows the variation in the measured 45 
value of x versus the actual position at which 
pressure Is applied. It can be seen thai there are 
significant edge effects which mean that it may be 
necessary to process digitally the measurements 
once they are received by the computer In order to so 
expand the measured x values to cover the entire 
range from 0 to 1 (0 Is the left-hand edge of area 
20 and 1 Is the right-hand edge). It may aiso be 
necessary to take account of the y displacement 
when expanding the x readings since the x read- m 
Inga are compressed when taken near y «0 or y » 1 
compared to readings taken near y«o.5. This is 
shown by the two lines on Fig. 5, line A being 



taken at y*o.5 (ie across the centre of the tablet) 
and line 8 being taken at y = 0.9 (ie near the upper 
edge of the tablet). 

Rg. B shows the variation in measured total 
current (ie z) versus force applied to an area of 
tablet 1.5 millimetres square. It can be seen that 
this too would benefit from some digital processing, 
since the line produced is not as straight as ideally 
it should be. This would be straight forward to 
achieve if necessary, for example by employing a 
look-up table correlating measured current to ap- 
plied pressure. It will be noted that below a certain 
non-zero value for the pressure the measured total 
current is zero. This is useful since it means that 
light pressure (eg from a person's hand) will not be 
detected by the tablet and will not interfere with the 
normal operation of the tablet. 

The variation In current with applied pressure 
stems from 2 effects. The first of these is that the 
resistive material compresses locally, so reducing 
the electrical resistance In the region of applied 
pressure stnee the fibres in the material are in 
better electrical contact. The second and more 
significant effect is that the contact area between 
the conductive and resistive layers increases. 

The increase In contact area with increased 
pressure can cause the measured position to be in 
error. This happens when the pressure is applied 
significantly cfoser to one contact pad than to the 
opposed contact pad (eg closer to 18 than to 17). 
The increase In contact area with pressure Is uni- 
form in all directions but since the contact area is 
closer to 16 than to 17, the distance from the 
contact area edge to 16 reduces by a greater 
percentage than the distance from the contact area 
edge to 17. this causes the measured position to 
appear further towards the near edge as more 
pressure is applied. If this effect Is unacceptable 
then it would be necessary to compensate for ft 
digitally in the computer by weighting the position 
measurement towards the centre, the level of 
weighting increasing with increasing pressure (le 
increasing total current). 

Another compensation which may be required 
is to allow for the fact that, at a constant pressure, 
the total current Increases as the contact point 
approaches any edge of the tablet. This is because 
the overall resistance through the resistive sheet 
from the contact point to the contact pads 16, 17, 
23. 24 decreases as the contact point moves fur- 
ther from the centre and closer to 1 or 2 of the 
contact pads. If this effect Is too large to be ig- 
nored then a suitable weighting could be applied 
when the data Is processed. 

The rate at which the location and pressure of 
the stylus are sampled will depend on the require- 
ments of the application and the circuitry and com- 
puter software employed. For graphics Input to a 
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terminal and for signature verification a sampling 
rats of around 10 kHz may be acceptable although 
a rate of around 20 kHz la preferable. 

Ctetm* 5 

i. A graphic* tablet comprising: 

a layer of electrically resistive material (1Q) 
Supported coextensrveiy with a layer of elec- 
trically conductive material (11) to provide a io 
flat tabtot surface; 

first and second conductors (14, 15) connected 
respectively to first and second portions of the 
resistive layer (18. 19). said portions being 
spaced apart on a notional x-axls across the is 
tablet surface; 

third and fourth conductors (21, 22) connected 
respectively to third and fourth portions of me 
resistive layer (25 T 26), said portions being 
spaced apart on a notional yaxis, intersecting 20 
the notional x-axls; 

the arrangement being such that when an elec- 
trical potential is applied between the resistive 
layer and the conductive layer and localised 
pressure is applied to the tablet surface, cur- 2s 
rents flow from the conductors through the 
resistive layer to the conductive layer, the rela- 
tive magnitudes of these currents being related 
to (he respective distances of the region of 
applied pressure from the first and second 30 
portions and the third and fourth portions re- 
spectively, the resistive material has the prop- 
erty that the electrical resistance between the 
layers in the region of the localised pressure 
applied thereto changes monotonlcaily with the as 
Spotted pressure and when the localised pres- 
sure Is applied, the total current flowing be- 
tween the resistive sheet and the conductive 
sheet Is related to the magnitude of the ap- 
plied pressure and provides a measurement 40 
from which a z-axfs value may be calculated; 
Characterised in that electrical sensing means 
(35*44) are arranged to measure individually at 
the same time, the current flowing In each of 
the conductors and to calculate subsequently a *s 
value representing an x.y and ac-coordlnate of 
the region of localised pressure. 



2. A graphics tablet as claimed in Claim 1 
whemln the x-coordinate of the position of the 
localised pressure Is calculated by dividing the 
current flowing in the first conductor (14) by 
the sum of the currents flowing in the first and 
second conductors (14, 15). 

& A graphics tablet as claimed in any of Claims 
1 or 2 wherein the ^coordinate of the position 
of the localised pressure 16 calculated by divid- 



er 



S5 



ing the current flowing in the third conductor 
(21) by the sum of the currents flowing in the 
third and fourth conductors (21, 22). 

4. A graphics tablet as claimed In any of the 
preceding Claims wherein the z-coordinete Is 
calculated from the sum of the Individual cur- 
rents measured in each of the conductors (14, 
15,21,22). 

5. A graphics tablet as claimed In any of Claims 
1 to 3 further comprising: 

a fifth conductor (30) connected to the conduc- 
tive material (11); and 

electrical sensing means (45) arranged to mea- 
sure directly, at the first sample time, the total 
current flowing between the resistive layer and 
the conductive material, thereby providing a 
measurement from which the ^-coordinate may 
be calculated. 

PotentansprUch* 

1. Graphlacbes Elngabetabtett, umfassend: 
eine Schicht eines mlt einem efektrischen 
derstand behafteten Materials (10). das flfih 
chenglelch mlt elner Schicht eines efektrisch 
leitendert Materials (11) gestOttt wird, urn eine 
ebene Tablettoberfiache zu Widen; 
erste und zwelte Leiter (14, IS), die an erste 
bezfehungswelae zwerte Bareiche der mit ei- 
nem Wlderstand behafteten Schicht (18, 19) 
angeschlossen slnd, wobei die Berelche durch 
eine Uber die Tablettoberfiache verlaufende 
fiktfve x-Achse voneinander getrennt slnd; 
dritte und vlerie Leiter (21, 22), die an dritte 
beziehungswelse vterte Berelche der mlt el- 
nem Wldenrtand behafteten Schicht (25. 26) 
angeschlossen slnd, wobe) die Berelche durch 
eine Uber die Tablettoborfiacrie verlaufende 
fiktive y-Achse voneinander getrennt slnd. cfie 
die fiktive x-Achse schneidet; 
wobei die Anordnung derart gestahet 1st, dafl 
beim Anlegen elner elektrischen Spannung 
zwischen der mit elnem Wlderstand behafteten 
Schicht und der lettenden Schicht und beim 
AusUben eines Brtlichen Drucks auf die Ta- 
blettoberfiache StrtJme von den Leitem durch 
die mlt einem Wlderstand behaftete Schicht 
zur leitenden Schicht fliefien. wobei die relative 
Orb* flenordnung dleser StrrJme mit dem jewellf- 
gen Abstand der Region des ausgeUbten 
Drucks zu den ersten und zwelten Bereichen 
beziehungswelse zu den dritten und vierten 
Bereichen in BezJehung steht. wobei das mrt 
sJnem Wlderstand behaftete Material Qber die 
Elgenschaft verfOgt, dafl der eiektrische Wider- 
stand zwischen den Schlcnton In der Region 
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des Werauf tfrtfich auagaQbten Crocks aich 
gleHcWOrmig roit dem ausgeObten Oruck ver- 
atndert und dafl bei ausgeUbtem 8rtiichem 
Drvck der Gesamtatrom. der zwiscben der mil 
einem Widerstand behafteten Lage und der 
leHertfen Lags flieBt, mft der Ortfflenordnung 
das ausgeObten Drucks In Bezlohung steht 
uod eine Messung ermo*gHcht. amhand derer 
tin z-AchservWert berechnet warden kann; 
dadurch gekennzeichnet, dafl etoktrische Erfaa- 
eungeelnricrrtungen (36*44) angebracm slnd, 
urn efozetn und zum glelchen Zaitpunkt den In 
jedem der Letter flJaftenden Strom zu mesaen 
und nachfolgend elnen Wart zu berechnen, der 
tine x-. y* und z-Koordinate der Region das 
drttichen Drucks wlderspiegeJt. 

2. QrapMschaa Tablett nach Anspruch 1, wobel 
die x-Koordfnate daf Position des drtllchen 
Orucka barachnet wird, indem der im arsten 
Lalter (14) flfeBende Strom durch die Summa 
dar Im arsten und zwelten Later (14, 15) ttie- 
Oandan StrOme dMdiert wird. 

3. Qraphitches Tablett nach Irgendeinem dar Arv 
sprOche 1 oder 2, wobel die y-Koordlnata dar 
Position das Orlllcnen Drucks berechnet wird. 
Indem der im drltten Lelter (21) flleBende 
Strom durch die 8umme der Im drltten und 
vferten Lelter {21, 22) flieftsnden Strflma dlvl- 
dlert wird. 

4. QrapWaches Tablett nach Irgendeinem der vc-r- 
ausgebenden AnsprQche. wobai die r-Koordi- 
nate sua dar Summa der eJnzeinen, In Jedem 
dor Latter (14. 16, 21, 22) gemessenen Stroma 
barachnet wird. 

5. Graphlechea Tablett nach Irgendainem der An- 
sprOche 1 bis 3. deswefteren umfassend. 
einen fDnften Letter (30), der an das leitende 
Material (11) angeschioseen ist; und 
otaktrisehe Erfaasiingseinrichtungen (45), die 
so angtJeoJ slnd. dafl sfe dlrekt, be! der eraten 
AWragezeit, dan gesamten Strom mess en, der 
zwlschen der mft einem Widerstand behafteten 
Schteht und dam laltendan Material meBt, wc- 
be* ale dabei eine Messung liefem, anhand 
derar ola z-Koordinate berechnet warden kann. 

Revantffcatfona 

1- Tabletta de donndes graphlque* comprenant: 
una couche de materfau dlectrlquement re- 
sistant (10) portee dana la meme direction 
qu'une couche de metfriau elecWquement 
condueteur (11) pour foumir una surface de 
tabletta plate: 



to 



75 



20 



25 



36 



35 



40 



45 



60 



55 



des premier et deuxleme conductors (14, 
15) connects reapectivement auK troisieme et 
quatrieme portions de la couche resistante (18. 
19). teadltes portions e"tarrt sgparees sur un 
axe theortque x traversant ta surface de la 
tabletta; 

dea trolsleme et quatrieme conductaurs 
(21. 22) connectea respectivement aux trolsie* 
me et quatrieme portions de la couche reels- 
tante (29. 26). leadltes portions etant slpareea 
sur un axe tha'orique y telsant Intersection avec 
Taxe thdorlque x; 

L'agencement Stent tel que. lorsqu'un po- 
tarniel tilectrique eat applique* antra la couche 
rdslstante et la couche conductrice et qu'une 
pression localises eat applique* sur la surface 
da la tsbtotte, dea courants circulent depuis tea 
conducteurs en passant dans la couche resle- 
tante Jusqu'a la couche conductrice, lea va- 
feurs relatives do oes courants 6tant en rapport 
avec lea distances respectfves de la region sur 
laquelle eat appliquee ta pression depuis res* 
pectivement lea premiere et deuxleme portions 
et las troisieme et quatrieme portions, fe mat£- 
rlau resistant a comma propria que la resis- 
tance dlectrlque entre tea couches dans la 
fdgion sur laquelle est appllquee la pression, 
change monotonlquement avec la pression ar> 
pllqude, et forsque la pression localise est 
appliquee, te courant total clrculant entre la 
fauille n5slstante et la feuille conductrice est en 
rapport avec la valour da la pression appliquee 
et foumit una meaure a partir de laquelle una 
valeur d'axe z peut §tre calculee; 

caracttfrtatfe en ce que des moyens de 
detection tflectrlquea (35, 44) sont agenc^s 
pour mesurer a4par^ment au mime moment 
lo courant circufant dana chacun des conduc* 
taurs, et pour calculer ensuite una valeur re- 
prtfsentant una coordonnee x, y. et z de la 
region ayant la pression localised. 

Tablette de donndes graphlquea salon la re- 
vindication 1. dans laquelle la coordonnee x 
de la position de la pression Jocelisde eat 
calcutie en dlvisant Je courant clrculant dans 
le premier condueteur (14) par la somme des 
courants clrculant dans lea premier et deuxie* 
me conducteurs (14. 15). 

Tablette de donrtfes graphlquea selon Tune 
quelconque des revendlcatlons 1 ou 2, dans 
laquelle la coordonnee y de fa position de la 
pression localises eat cafculaa en divisent le 
courant circulant dans te trolsleme condueteur 
(21) par la somme des courants circu/ant dans 
les trolsleme et quatrieme conducteurs (21, 

22). 
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4. Tablette de donnde* graphlques gefoo I'una 
quelconque dot revindicates prece'dentea, 
dm laquelle It coordonnee z est cateulee a 
partir do la somme dea courents districts me- 
surea dans ehacun dot conductews (14. t5, 5 
21,22). 

& Tabtette de donn^et graphlques sefon I'una 
quetconque dea revertdJcatlons 1 & 3, compre- 
nant en outre: jo 

un cfnquieme conducteur (30) connects au 
matfriau conducteur (11); et 

dea moyent de detection dlectrfques (45) 
agenc** pour mefiurer dfrectemem, au premier 
tempt d'e'chantjllonnage, le courant total cir- 15 
cuNmt entre la concha rdsistante at le materiau 
conducteur. foumlaaam da c* fait une meture 
a partir de laquelle la coordonnee 2 peut Stre 
caJcutte. 

so 
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